Background: Giant Cell Tumor is considered a benign, local and aggressive tumor. Although considered a benign bone tumor, it is still the subject of discussion and research because of the associated local bone destruction, as well as high rates of recurrence and distant metastases. Options are being developed for both surgical techniques and adjuvant therapies. Aims: The present study evaluated the administration of cryotherapy via a pressurized-spray technique in giant cell tumors of the bone. Study Design: Cross-sectional study.
Giant cell tumor of the bone (GCT) accounts for approximately 4% of the primary bone tumors (1) . GCT was first defined by Cooper and Travers and then reported to have a malignancy potential by Virchow (2, 3) . It is most often in the third to fourth decade and it is slightly more common in females (1) . It occurs in the metaphyseal and epiphyseal regions of the long bones, especially in the distal femur, proximal tibia and distal radius (4) . Local recurrence is very common, however, distant metastasis is rare. Treatment is targeted at preserving the extremity, removing the tumor tissue completely and preventing local recurrence. In surgical treatment, aggressive curettage is performed by preserving the cortical integrity to the greatest extent possible. Due to the high local recurrence only after the curettage, the use of local adjuvants was also reported such as phenol, liquid nitrogen, bone cement, hydrogen peroxide and alcohol (5, 6) . In GCT, the liquid nitrogen was first used by Marcove et al. (6) as cryotherapy and reported to be an effective treatment. Marcove et al. (6) administered cryotherapy first in the metastatic carcinomas and then in the primary malignant and benign bone tumors. They reported that the local recurrence was reduced from 40-50% to 4-5% in GCT. However, some complications developed over time, such as skin necrosis, infection and fracture therefore new alternatives began to be searched. Schreuder et al. (7) administered liquid nitrogen as a pressurized-spray in aneurysmal bone cysts and reported fewer complications. The present study retrospectively evaluated the patients who were administered cryotherapy via extensive curettage and pressurized-spray technique due to GCT.
MATERIALS AND METHODS
The study included 40 patients for whom the all diagnosis and treatment stages were conducted by the same surgeon between February 2006 and December 2013 due to GCT. The age and gender of the patients, the direction-localization of the lesion and the treatment modality were investigated. All of the patients were evaluated through direct radiography (Xray), magnetic resonance imaging (MRI) and computerized tomography (CT) (Figure 1 ). All patients were assessed via CT for metastasis. Extended curettage and cryotherapy were performed in cases with lesions located in femur, tibia and radius. Reconstruction was performed using bone cements, grafts, plates and screws. The patients who underwent arthroplasty after open and wide intrarticular resection and who were admitted with pathological fractures were excluded from the study, since cryotherapy could not be administered sufficiently and properly. The patients were evaluated according to the Campanacci classification (8) . Grade I presents with a well-defined marginal border of a thin rim and a slightly thinned but intact cortex, Grade II presents with a well-defined margin and a deformed cortex and Grade III presents with a cortical destruction and soft tissue invasion. All patients were administered surgical treatment after discussion at the tumor council and diagnosis by biopsy. Data were analyzed using Statistical Package for the Social Sciences version 15 (SPSS Inc.; Chicago, IL, USA) statistical software.
Surgical technique
A window was opened from the proper region and at a sufficient size based on the CT images and the tumor surgical principles. The macroscopic tumor mass was removed through curettage and then a wide resection was performed by high-speed burr until accessing the healthy bone. The regions with deformed cortices were covered with bone-wax. Liquid nitrogen was used in pressurized-spray form with the Brymill CRY-AC Cryogenic System (Brymill Cryogenic Systems Ellington; CT, USA). Liquid nitrogen in pressurizedspray form was applied to the window that was opened using metal vacuum flasks and probes of different height-length for 30 seconds and followed by a 30 second pause for spontaneous evaporation (Figure 2 ). Then the surgical area was washed with physiological saline solution to prevent from soft tissue necrosis (9) . This procedure was performed three times. The surrounding soft tissues and skin were protected through wet gauze during the procedure. The ambient temperature was measured as -190°C during the administration of cryogen into the cavity. Using pressurized-flush, the cement and/or plate was supported with screws based on the defect size and location or reconstruction was performed with grafts. During postoperative weeks 0 to 6, passive/active movement was allowed without applying pressure. Between weeks 6 and 12, partial pressure was allowed. After week 12, full pressure was allowed. Recurrence and fusion were evaluated via regional direct radiography and MRI and via CT in some cases, once every three months in the postoperative year 1, once a month in year 2, and once a year in year 3. Distant metastasis was evaluated via pulmonary CT once every 6 months.
RESULTS
Surgical curettage, cryotherapy and reconstruction were performed on 40 patients due to GCT. Out of the patients, 21 were female and 19 were male. The average age of the patients was 33 years (range: 16-72 years) and the average duration of follow-up was 43 months (range: 12-80 months). The average time from the onset of the complaints to the diagnosis was 6 months (range: 2-12 months). Based on the Campanacci 8 classification, 9 patients were Grade I, 25 patients were Grade II and 6 patients were Grade III. Among 40 patients, the lesion was located in the distal femur in 14 patients, in the tibia in 11 patients (proximal:7, distal:4), in the distal radius in 5 patients, in the pelvis in 4 patients (sacrum: 2, acetabulum: 1, ilium: 1), in the proximal fibula in 3 patients, in the metatarsi in 2 patients and in the phalanges of the hand in one patient ( Figure 3 ). Insufficient excision was established in one patient with a lesion located in the sacrum. Three (7.5%) out of 40 patients had recurrence. None of the patients developed skin necrosis, infection or neurovascular complications. Extended curettage and reconstruction with only bone cement were performed in 11 of the patients with femoral lesions, whereas reconstruction was performed with bone cement and screws in three patients. Loosening of the cement was established in one of the patients for whom reconstruction was performed with only cement after the curettage and intercondylar fracture was established in another ( Figure 4 ). There was no recurrence in 2 patients for whom reconstruction was re-performed with cement and screws after removing the cement. Reconstruction was performed with cement after the curettage and cryotherapy on all of the patients with tibial lesions. Reconstruction was performed with cement after the curettage and cryotherapy in 5 patients with distal radial lesions. Recurrence was identified in 3th of 5 patients by the end of postoperative months 3, 4 and 6. All of the patients were grade III in recurrence distal radius lesions. For patients with recurrence, the cement was removed and then the curettage and reconstruction with cement were performed again. Insufficient excision was established in one patient with a lesion located in the sacrum. There was no consideration for surgical treatment again, the patient was controlled with denosumab ( Figure 5 ). Extended resection and cryotherapy were performed on 3 patients with fibular lesions and none had recurrence. Total metatarsal excision and reconstruction with non-vascular autologous fibula were performed on one of 2 patients with metatarsal lesions (Figure 6 ). Curettage and reconstruction with cement was performed on the other patient. There was no recurrence in 2 patients. Extended resection and arthrodesis were performed in the middle phalanx on one patient with hand phalangeal lesion and there was no recurrence. One patient was found to have lung metastasis.
DISCUSSION
Giant cell tumor of the bone is considered a benign, local and aggressive tumor of the bone with unknown origin (10) . Although considered a benign bone tumor, it is still a subject of discussion and research because of the local bone destruction, the high rates of recurrence and distant metastases. Options are being developed for both surgical techniques and adjuvant therapies (11) (12) (13) (14) . The number of female-male patients was close to each other and the average age was 33 years in the investigation of 40 patients. The average duration of follow-up was 48 months (range:12-80 months); however, some patients had a shorter duration of follow-up, but were still included in the study due to the present early fractures. The most common complaint was pain, which was mild at the beginning and became permanent and much severe in the following periods with the application of force (1, 8) . Additionally, there may be swelling, restricted movement and neurological symptoms depending on the invasion site. The average time from the clinical complaints to the diagnosis was 6 months (range:2-12 months) for the patients. The diagnosis is delayed by the time that the symptoms develop, due to mechanical insufficiency and radiological signs are observed, especially in the lesions located in the pelvis and distal femur. More care should be taken in the radial lesions and the direct radiographies should be analyzed meticulously. In 4 patients with radial lesions, the lesions expanded over the cortex and had intact soft tissues.
Campanacci et al. (15) reported a recurrence rate of 27% with interlesional curettage, 7% with marginal curettage and 0% with wide resection in an analysis of 327 GCT cases; however, they did not make any evaluations regarding the use of chemical agents. Becker et al. (16) reported a recurrence rate of 49% in patients administered curettage and graft, 22% in patients administered curettage and cement and 27% in patients administered curettage, phenol and cement. A higher rate of recurrence is reported with curettage and grafting alone, whereas the recurrence rate reduces to 20% with curettage, adjuvant therapy and reconstruction with cement. Cryotherapy produces a necrotic effect in the cell by intracellular crystallizing through quick freezing and slow thawing (17) .
Marcove et al. (6) were the first to use the liquid nitrogen in GCT in the 1970s for cryotherapy through direct pouring and reported that it was an effective method to minimize local recurrence. Muramatsu et al. (18) performed curettage and cryotherapy in 23 patients and reported that there was no recurrence at the 45-month follow-up on average; the combination of curettage and cryotherapy was more successful than other methods. Kang et al. (19) performed curettage and cryotherapy in 9 out of 15 patients with Grade III lesions located in distal radius and reported recurrence in 2 patients and no recurrence in any of 6 patients underwent wide excision. However, it was reported that the use of liquid nitrogen by direct pouring resulted in skin necrosis, neurovascular complications and other complications such as pathological fractures (16, (20) (21) (22) . It has become possible to apply liquid nitrogen within metal vacuum flasks as a pressurized-spray to an area and for a specific desired time using probes (7, 9) . Due to its thrombotic effect on the microvessels supplying the tumor, even indirectly, the necrotic effect continues for one more week. Additionally, a homogeneous or a deeper effect can be achieved on irregular surfaces such as flat bones in particular via the spraying technique (23, 24) . Cryotherapy and bone cement are the only adjuvant methods used no other methods like phenol, alcohol is not used in this study.
Cryotherapy and reconstruction with only cement were performed after extended curettage in 22 out of 25 patients with lesions located in femur and tibia. The other three patients were treated with reconstruction with screws and cement after curettage and cryotherapy. The administration of cryotherapy in a sufficient amount is very successful, easy and possible in large metaphyseal bones such as the femur and tibia by protecting the soft tissues and important structures by wide skin incision compared to other regions. In the direct-pouring technique described by Marcove et al. (6) the prophylactic internal fixation implants were started to be used more frequently due to the high risk for fracture (25, 26) . This leads to difficulties in establishing the postoperative recurrence radiologically and also higher rates of infection. On the other hand, the use of cryotherapy as a pressurized-spray reduces the fracture risk and therefore, fixation was performed with prophylactic implant in extremely large lesions.
Surgical treatment was re-administered in three of five patients with radial lesions due to recurrence. The excision remained insufficient in these patients with intact soft tissues Balkan Med J, Vol. 33, No. 5, 2016 expanded outside the cortex because a safe surgical margin could not be achieved and the important neurovascular structures could not be protected. Cryotherapy can have effects deeper into the bone tissue; however, it is not used frequently enough due to its necrotic effect on the adjacent soft tissues. Llu et al. (27) conducted a meta-analysis and reported that the curettage and grafting or cement alone was not as successful as en-block resection in GCT located in distal radius. It may be preferred to achieve a negative surgical margin in the lesions associated with extensive cortical damage and soft tissue involvement as is in the low-grade malignant tumors. It was reported that the en-bloc resection and non-vascular fibular graft prevented local recurrence and did not impair the wrist functions in GCT located in distal radius (28) .
Insufficient excision was established in one of the patients with lesions located in sacrum. It was decided to conservatively follow this patient with denosumab because the surgical treatment was considered risky. Local regression was observed at the follow-up and it is still closely followed. Compared to direct-pouring method, the spray technique for cryotherapy is easier to use in the bones with no regular contours such as the pelvis and it is associated with fewer potential complications. Guo et al. (29) suggested excision with wide surgical margins in giant cell tumors of the bone that were located in the pelvic region despite the additional morbidity. Balke et al. (30) reported that they achieved successful outcomes in pelvic GCT with local excision through arterial embolization.
Wide excision was performed on the patients with fibular lesions since it did not cause mechanical insufficiency of the joints and lower extremities. Cryotherapy was administered to the osteotomy line that remained in the fibula. Cryotherapy was administered to the adjacent regions by complete resection of metatarsi with the soft tissue for one of the patients with lesions located in the metatarsi since all metatarsi were involved and the soft tissue was intact. The defects were reconstructed with non-vascular fibular autografts. For other patients, wide excision, cryotherapy and reconstruction with cement were performed. A patient with a lesion located in the middle phalanx of the hand was treated by marginal resection, cryotherapy and arthrodesis.
Bone cement is used as a local filling material; however, the effect of the convected heat around is approximately 40-50 O C, even at the center, and thereby its adjuvant effect may not be sufficient (31) . The present study preferred to primarily employ bone cement and if possible, alone, because it has a local heat effect, provides early stability and allows for optimum assessment at follow-up. However, a solid cage was produced by placing the cross screws into the opposite cortex and the cementing was performed at the final stage in cases where mechanical insufficiency might develop with wide resection.
Malawer et al. (26) reported a recurrence rate of 2.3% after cryosurgery; however, they underlined the intraoperative soft tissue and neurovascular tissue damage, and the pathological fracture in postoperative six (5.9%) cases. It was reported that the cryotherapy affected more deeply due to the pressurizedspray application and had fewer adverse effects on the skin and the neurovascular tissues due to the fast evaporation (9, 16, 21) . None of the patients developed soft tissue necrosis, infection and neurovascular complications.
Cryotherapy causes necrosis and osteoid damage in the bone after the direct-pouring method, leading to delayed reossification and bone healing; therefore, minor traumas may result in fractures. Based on the depth of the necrotic effect of the cryotherapy, the recovery time may last from six weeks to six months (32) . However, the fracture risk is lower with pressurized-spray technique compared to the direct-pouring method since it evaporates fast despite the deeper effect (7, 9, 23) . A patient with a femoral lesion had early fracture. Such fractures developed because this patient started to work in a heavy job in the early period (week 4). The cement was removed and reconstructed was performed with spongiosis screws and cement. In order to avoid postoperative fractures, early passive movement was initiated in the patients and applying force was avoided at least until week 6. Then, stepping was allowed gradually to the extent the pain was tolerated. After week 12, full application of pressure was allowed. However, it may take longer for the rehabilitation of the patients who cannot tolerate the application of force and who develop muscular atrophy.
Some suggest to administer active chemotherapy or radiotherapy in cases where surgical treatment cannot be administered and there is an extensive soft tissue invasion, especially in Grade III patients; however, malignant transformation may occur (33, 34) . In such cases, more radical surgical treatments may be preferred, if applicable. Denosumab may be preferred for such large lesions that cannot be operated or in order to reduce the lesion to a resectable size before surgery and several studies have demonstrated its efficacy (35) . Because there may be recurrence in such cases, the patient should be followed at frequent intervals. Though rare, lung metastases are reported in GCT (36) . A patient from the present study, who had lung metastasis, was Grade II with distal femur localization and no additional treatment was planned since there was no progression in the lesion upon the close follow-up.
The present study is limited by a patient population comprising patients at various stages, the lack of a single method for reconstruction and the lack of a comparative control group. In conclusion, cryotherapy is a very effective adjuvant method for the lesions in bones such as the femur and tibia, where the soft tissue can be protected and there is no invasion to the soft tissues. The pressurized-spray technique of cryotherapy is preferred due to the need for reduced amounts of liquid nitrogen and minimized soft tissue complications and fracture risk.
